The photosynthetic bacterium Rhodopseudomonas capsulata lacks glutamate dehydrogenase and normally uses the glutamine synthetase/glutamate synthase sequence of reactions for assimilation of N2 and ammonia. The glutamine synthetase in cell-free extracts of the organism is completely sedimented by centrifugation at 140,000 x g for 2 h, is inhibited by L-alanine but not by adenosine 5'-monophosphate, and exhibits two apparent Km values for ammonia (ca. 13 ,uM and 1 mM).
Purple bacteria typically can use N2 or ammonium salts as sole nitrogen sources for photosynthetic growth (6) , and preliminary experiments by Nagatani et al. (12) suggested that certain species may use the "glutamine synthetase/glutamate synthase" reaction sequence (19) as a major pathway for the assimilation of inorganic nitrogen. In this communication we report more detailed experiments in this connection with the nonsulfur purple bacterium Rhodopseudomonas capsulata. This organism can use, in addition to N2 and ammonia, a wide variety of compounds as nitrogen sources (e.g., glutamate, glutamine, aspartate, alanine, proline, ornithine, thymine, urea) and has been recently used to demonstrate (21) genetic transfer of nitrogenase-hydrogenase activity by means of a "gene transfer agent," a phagelike vector of still unknown nature. One aim of the present work was to examine the possible role of glutamate dehydrogenase in the nitrogen metabolism of R. capsulata, since in various microorganisms this enzyme activity provides a mechanism for assimilation of ammonia when the latter is available at relatively high concentration (2) .
Our attempts to demonstrate glutamate dehydrogenase activity in extracts of R. capsulata cells grown under various conditions have given negative results; thus, significant activity could not be detected in extracts from cells grown with ammonia or glutamate as nitrogen sources, or on glutamate as both nitrogen and carbon source. It is noteworthy that certain blue-green algae (13) and many Bacillus species (7) also appear to lack glutamate dehydrogenase. Such organisms usually manifest alanine dehydrogenase activity, and it has been suggested that this could account for ammonia assimilation under certain conditions (7, 13) .
Both aminating and deaminating reactions of alanine dehydrogenase are observed in crude cell-free extracts of R. capsulata (Table 1) . The aminating reaction (optimal pH, 7.3) is specifically dependent on nicotinamide adenine dinucleotide phosphate, reduced form (NADPH), whereas the deaminating reaction (optimal pH > 9.5) requires NAD+. Ammonia inhibits the deaminating reaction (50% inhibition at 0.8 mM) and NAD+ is a potent inhibitor of the aminating reaction (50% inhibition at 30 ,AM).
Alanine dehydrogenase activity in R. capsulata is observed at significant levels only under certain growth conditions ( a R. capsulata strain B10 was grown photosynthetically (anaerobically) using procedures detailed elsewhere (22) . The basal medium, to which various C and N sources were added, contained all of the ingredients of medium RCV described in reference 22, except for malate and (NH4)2SO4. Initial concentrations of added C and N sources were: DL-malate, 30 mM; pyruvate, 30 mM; L-alanine, 10 mM; L-glutamate, 10 mM; (NH4)2SO4, 7.5 mM. For growth on N2, the culture was continuously gassed with 1% CO2 in N2. Cells were harvested in mid-exponential phase, washed once with "resuspension buffer," and disrupted in the same buffer by passage through a French pressure cell (operated at 18,000 lb/in2).
b For alanine dehydrogenase (ADH), glutamate synthase (GOGAT), and L-alanine:2-oxoglutarate aminotransferase (AOAT) assays, cells were resuspended in 50 mM tris(hydroxymethyl)aminomethane (Tris)-chloride + 10 mM 2-mercaptoethanol (pH 7.6). Cell debris and chromatophores were removed from crude extracts by centrifugation at 140,000 x g for 90 min, and supernatant fluids were assayed for GOGAT and AOAT as described in references 11 and 16, respectively. ADH activities in such extracts were spectrophotometrically estimated by measuring rates (room temperature) of oxidation of NADPH (aminating) or NAD+ reduction (deaminating) at 340 nm; reaction mixtures contained, in addition to enzyme: aminating assay -50 mM Tris-chloride (pH 7.6), 5 mM sodium pyruvate, 40 mM NH4Cl, and 0.25 mM NADPH; deaminating assay-50 mM Tris-chloride (pH 9.5), 17 mM L-alanine, and 0.25 mM NAD+. For the glutamine synthetase (GS) assay, a resuspension buffer of 45 mM mixed imidazole-Cl buffer (15 mM each imidazole, 2-methylimidazole, and 2,4-dimethylimidazole) + 10 mM MnCl2 + 10 mM 2-mercaptoethanol (pH 7.15) was used. Crude extracts were assayed for y-glutamyl-transferase activity as detailed in reference 17.
Not determined. (20) . Thus far, we have been unable to obtain evidence for adenylylation of the R. capsulata enzyme, and this has also been indicated for the enzymes of certain blue-green algae (5) and of B. subtilis (4) .
Partially purified enzyme preparations (see details in footnotes to Table 2 ) were used to study the effects of potential feedback modifiers and ammonia concentration on activity of the R. capsulata glutamine synthetase. Of the individual end products tested, L-alanine caused the most notable inhibition with both of the assay procedures used (Table 2 ). In general, the results summarized in Table 2 resemble those reported for the enzymes of various other microorganisms (8, 23) , except in the instance of adenosine 5'-monophosphate. In contrast to other systems (8) , the nucleotide has little or no effect on the R. capsulata enzyme. It is of interest that results similar to those in Table 2 were also observed with extracts of ammonia-grown cells.
From Fig. 1 (inset) it can be seen that activity of the R. capsulata glutamine synthetase responds significantly to changes in ammonia concentration at the low end of the range tested (<1 mM), which presumably would facilitate the assimilation of ammonia generated by N2 fixation. With increasing ammonia concentration, activity gradually increases and there is no apparent saturation even at 10 mM ammonia. Similar results have been observed with the enzymes from B. subtilis (4) and E. coli (3) and suggest that negative cooperativity may be involved in substrate binding (9) . In accord with this, the double-reciprocal plot of reaction velocity versus ammonia concentration for the when ammonia is the source of nitrogen (18) . In vitro tests with the R. capsulata enzyme showed that activity (y-glutamyl-transferase assay) was 50% inhibited by 25 uM MSO and almost completely by 100 ,uM MSO; in contrast, glutamate synthase activity was only slightly inhibited by MSO. Low concentrations of the amino acid analogue severely inhibited photosynthetic growth ofR. capsulata on either N2 or ammonia (Fig. 2) . From Fig. 2B it can be seen that subsequent addition of glutamine reversed the effect of MSO; glutamate addition also had the same effect (curve omitted for the sake of clarity). Such results would be expected if a main function of glutamine synthetase during growth on excess ammonia is to supply the cell with glutamate via the glutamine synthetase/ glutamate synthase sequence. In the situation where glutamate reverses the growth inhibi- NOTES 687 tion due to MSO, the cells presumably are able to synthesize the minimal quantities of glutamine required for protein synthesis and other purposes through residual glutamine synthetase activity (1; note in Fig. 2B that inhibition of growth by MSO is not complete). Protection of glutamine synthetase from MSO inhibition by glutamate may also be involved since an effect of this kind has been demonstrated with the S. typhimurium enzyme (18) .
In sum, we conclude: (i) that R. capsulata, which lacks glutamate dehydrogenase, may use the aminating reaction of alanine dehydrogenase as a mechanism for the assimilation of ammonia under special circumstances in which the enzyme is produced at a sufficient level and relatively high concentrations of ammonia are available, and (ii) that the glutamine synthetase/glutamate synthase sequence of reactions normally represents the primary pathway for the photosynthetic assimilation of both N2 and ammonia. We are indebted to Lynn Rothermel and Deborah Young for technical assistance.
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